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Introduction
Airflow obstruction (AFO) is a hallmark of COPD. COPD is a common chronic condition with different phenotypes, and is also associated with multiple comorbidities. 1 Exacerbations of COPD are important clinical events, 2 often leading to rapid decline in lung function, 3 worsening in quality of life and functional status, 4 and increased risk of mortality. 5 There is also evidence that COPD 6 and its exacerbations 1 are associated with increased vascular and nonvascular comorbidity, [7] [8] [9] [10] [11] for reasons that are not fully understood. It is possible that the excess vascular and nonvascular comorbidity following COPD may be due to shared risk factors (eg, smoking and air pollution) or that COPD may represent an independent risk factor acting on the causal pathway for some types of vascular diseases. 1 Most previous studies of COPD exacerbation with vascular and nonvascular diseases (eg, lung cancer, musculoskeletal disorders, depression, and diabetes) were conducted in Western populations, involving primarily patients in hospital settings.
There is little information from population-based prospective studies, especially in low-and middle-income countries, such as China, where the underlying causes and management of COPD, as well as patterns of main vascular and nonvascular diseases, differ significantly from those in the West. 12 In China, COPD is the third leading cause of morbidity and mortality, with high rates among even never-regular smokers. 13 On the other hand, stroke rates, especially hemorrhagic stroke, are also high. Despite this, there is no known previous report in China about the association of COPD with vascular and nonvascular comorbidities from prospective studies.
We report relevant findings from a large nationwide prospective cohort (China Kadoorie Biobank [CKB]) of 0.5 million adults who were recruited in 2004-2008 and followed up for about 9 years through linkages to hospital records and mortality and disease registries. The main aim of the present study is to examine the associations of prevalent AFO with subsequent risk of vascular diseases, including subtypes. In addition, we also examined the association of prevalent AFO with a range of nonvascular diseases.
Materials and methods

Baseline survey
Detailed CKB design, procedures, and study participants have been described previously. 14, 15 Briefly, the baseline survey took place during 2004-2008 in 10 geographically diverse localities ( Figure S1 ), chosen to include a range of disease incidence (including COPD) and risk exposure, taking into account local capacity and quality of mortality and disease-monitoring systems. In each area, temporary assessment clinics were set up within various local residential centers. All residents aged 35-74 years from 100-150 administrative units (rural villages or urban residential committees) in each area were invited to attend survey clinics. Approximately 30% responded, and a total of 512,891 participants were enrolled, including a few thousand volunteers just outside the aforementioned age range who attended the survey clinics, resulting an age range of 30-79 years. All participants provided written informed consent. International (Oxford Tropical Research Ethics Committee), national (Chinese Academy of Medical Sciences Ethical Review Committee), and local ethics (Chinese Center for Disease Control and Prevention Ethical Review Committee, and the scientific review boards in each of the 10 regional centers) approvals were obtained prior to the start of the survey.
At the study assessment clinics, trained health workers administered a laptop-based questionnaire that covered sociodemographic and lifestyle data, including education, income, smoking, alcohol drinking, self-reported physical activities, diet, and medical history (including self-reported physician diagnoses of COPD, vascular diseases, and a range of other diseases), and measured lung function, height, body weight, bioimpedance, blood pressure, and heart rate, and took a blood sample for long-term storage. 16 
Assessment of prevalent AFO at baseline
We decided to use the general term "AFO" instead of "COPD", as all the results are based on prebronchodilator spirometry. Forced expiratory volume in 1 second (FEV 1 ) and forced vital capacity (FVC) were measured using a handheld microspirometer (MS01; CareFusion, San Diego, CA, USA) by respiratory technicians following recommended procedures. Participants were asked to make a few practice blows under the supervision of the respiratory technician, after which the results of two successful maneuvers (as judged by the technician) were recorded. Spirograms of a small number of participants (n=1,586) who also took part in a resurvey were reviewed as per European Respiratory Society/American Thoracic Society guidelines 17 for quality and reproducibility. Among those reviewed, 84% had acceptable spirometry. The highest FEV 1 and FVC values were used, not necessarily from the same blows, as recommended by ERS/ATS guidelines. 17 Presence of AFO was defined as having measured FEV 1 /FVC , lower limit of normal (LLN) prebronchodilator lung function, based on the predicted values from the global lung function initiative (GLI) 2012 equations, and AFO grades were classified as follows: grade 1= FEV 1 /FVC , LLN (z-score of FEV 1 -2 to 1), grade 2/3= FEV 1 /FVC , LLN (z-score of FEV 1 -3 to -2), and grade 4/5= FEV 1 /FVC , LLN (z-score of FEV 1 ,-3).
18 AFO grades were also classified based on the percentage predicted value of FEV 1 for comparison with earlier published studies.
Follow-up for mortality and morbidity
The vital status of each participant was monitored regularly through the China National Center for Disease Control and Prevention disease-surveillance point system, and checked annually against local residential records and health insurance records, and by active confirmation through street committee or village administrators. Cause of death from official death certificates was supplemented by a review of available medical records and coded using the ICD-10 by trained staff who were blinded to baseline information. For four major diseases (stroke, coronary heart disease, diabetes, and cancer), information on incidence was also collected through linkage with existing local disease registries. Electronic record linkage was also established with the China national health insurance system, which records the details of all hospitalized events (including description and ICD-10 code) and procedures. All records for vascular diseases from any source were checked and standardized.
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Excess risk of vascular diseases in those with airflow obstruction For the present study, the primary vascular diseases of interest were vascular death and incident ischemic stroke (IS), hemorrhagic stroke, major coronary events (MCEs), heart failure (HF), and major vascular events. In addition, several other disease outcomes were considered, including respiratory (pneumonia, other respiratory diseases, and lung cancer), noncardiovascular, and nonrespiratory diseases (eg, chronic kidney diseases, nonlung cancer, fracture, rheumatoid arthritis, and diabetes). ICD-10 codes defining these disease outcomes are listed in Table S1 .
By January 1, 2016, 37,289 (7.3%) participants had died (including 4,752 in those with prior vascular diseases) and 4,875 (1%) were lost to follow-up. The main analysis excluded 23,113 participants (10,061 men and 13,052 women) with self-reported vascular diseases at baseline. Furthermore, 396 participants (202 men and 194 women) with implausible spirometry were excluded. After these exclusions, 489,382 participants (200,157 men and 289,225 women) remained.
Statistical analyses
Means and prevalence of baseline characteristics were calculated according to baseline AFO status defined by spirometry criteria and standardized for age in 5-year groups, region, and sex of the baseline population. Cox regression was used to estimate HRs and 95% CIs for disease risks, comparing participants with AFO versus those without, adjusting for age at risk (5-year groups), education (none/primary, secondary, tertiary), household income (CH¥; ,5,000, 5,000-9,9900, 10,000-19,990, $20,000 per year), smoking (never-regular, ex-regular, current-regular), alcohol consumption (neverregular, ex-regular, current-regular), body mass index (kg/m 2 ), and physical activity (metabolic-equivalent-of-task hours/day). For analyses involving more than two exposure categories, the floating absolute risk method was used, which provides the variance of the logarithm of the HR (ie, to compute a CI for the HR) for each category (including the reference category) to facilitate comparisons among the different exposure categories. 19 Separate analyses were conducted for AFO grades, defined according to z-score for FEV 1 . 18 Additional analyses for AFO grades categorized by percentage predicted FEV 1 were carried out to compare our results with those from previously published studies. Sensitivity analyses were carried out to see associations in never-regular smokers and sex separately. All analyses used SAS version 9.3.
Results
Of the 489,382 participants, 6.8% had AFO at baseline, with age-standardized prevalence higher in men than in women (7.3% versus 6.4%) and in rural than in urban regions Notes: All participants reporting prior doctor-diagnosed coronary heart disease or stroke at baseline excluded; all data standardized to age, sex, and study area as appropriate; *All P-values for differences between participants with and without baseline AFO are ,0.001 with the exception of self-reported diseases at baseline. (Figure 1 ), except among those with younger age and had higher education.
As expected, participants with AFO at baseline had significantly increased risk of major respiratory diseases during follow-up, with adjusted HRs of 1.53 (95% CI 1.44-1.63) and 1.5 (95% CI 1.45-1.55) for pneumonia and other respiratory diseases, respectively (Table 2 and Figure 2 ). With the exception of lung cancer (HR 1.34, 95% CI 1.22-1.47) and marginally for fracture (HR 1.06, 95% CI 1-1.13), there was no evidence of any significant excess risk associated with prevalent AFO for a range of other nonvascular and nonrespiratory diseases that were considered (eg, rheumatoid arthritis, diabetes, chronic kidney disease) ( Table 2) .
The excess risks of vascular outcomes were greater among participants with more severe AFO at baseline (Tables 3 and S2) . For vascular mortality, adjusted HRs were 0.93 (95% CI 0.83-1.04), 1.16 (95% CI 1.05-1.28), and 1.68 (95% CI 1.56-1.81) for AFO grades 1, 2/3, and 4/5, respectively (P,0.001). With the exception of IS, a similar trend was also seen for other vascular diseases, including hemorrhagic stroke, MCEs, and HF (Figure 3) . No apparent trend was observed for other nonvascular and nonrespiratory conditions, with the exception of lung cancer (Table 3) .
Sensitivity analyses carried out in never-regular smokers did not change the result significantly, except that the excess risk of the majority of vascular mortality was attenuated marginally in those with AFO (Table S3 ) at baseline and also those with higher grades (Table S4) . Overall, there was no significant excess risk of lung cancer in nonsmoking participants with spirometry-defined AFO (Table S3 ), but the risk of lung cancer significantly increased in those with AFO grade 4/5 (Table S4) . Similarly, sensitivity analyses carried out in males and females suggested only that the risk of vascular and nonvascular mortality associated with AFO was somewhat greater in males than in females 
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Kurmi et al (Tables S5 and S6) , particularly for those with higher AFO grades (Tables S7 and S8 ).
Discussion
The present study provides large-scale prospective evidence that individuals with prevalent AFO have increased risk of major vascular diseases, with risk increased proportionally with increasing severity of AFO. These effects were not accounted for by other demographic-, lifestyle-, or healthrelated factors, and appeared to be consistent across different subgroups of individuals and also among never-smokers. We deliberately used the more general term "AFO", due to the lack of postbronchodilator lung function measurement. Our study has several methodological strengths. It used a prospective study design and included a large sample from 10 diverse localities across China, thereby increasing generalizability. Disease outcomes were ascertained objectively through linkage to mortality registries and hospital records, minimizing differential misclassification due to recall or interviewer bias in assessing disease outcomes. The findings are statistically robust, as the main analyses excluded all participants with prevalent vascular diseases and also adjusted for a range of potential confounding factors, including smoking status. We used measured lung function to define prevalent AFO, which in contrast to many previous studies 12, [20] [21] [22] that only used self-reported diagnosis by physician should provide better assessment of the actual prevalence at the community level. Adults with early stages of AFO are less likely to seek care from a doctor, and hence would miss the opportunity to receive a diagnosis, whereas our study protocol with a systematic screening spirometry test was likely to capture cases with early signs of lower lung function. Nevertheless, given the lack of postbronchodilator spirometry data to differentiate asthma cases, it is possible our definition of AFO may have included some false-positive cases. However, it is known that lung function in at least 10%-15% of COPD cases is likely to be partially reversible postbronchodilator and that the prevalence of adult asthma is very low (,1%) in China, [23] [24] [25] suggesting that the potential misclassification is likely to be small. The sensitivity analysis restricted to never-regular smokers did not change the results significantly, suggesting little residual confounding from active smoking.
Several previous studies of mostly Western populations have investigated the associations of COPD with a range of vascular and nonvascular diseases. 9, 21, 22, 26, 27 Most of these 
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Excess risk of vascular diseases in those with airflow obstruction studies were small, used retrospective study designs, and included mainly hospital patients with severe COPD; some also lacked appropriate control for potential confounding factors (eg, smoking and socioeconomic status). 21, 28, 29 Moreover, there were also large differences in the criteria used for defining COPD and major vascular outcomes. Consequently, the previous study findings have been inconsistent both qualitatively and quantitatively, with a few studies reporting no significant association of COPD with certain cardiovascular diseases, such as stroke, 9,30 whereas others 20, 31 reported more than threefold increased risk. Although our study was consistent with several earlier studies in showing positive associations between COPD and risk of vascular diseases, 12, 20, 27, 28, 32, 33 the strength of the associations observed in our study appeared to be more modest and increased marginally for some outcomes, such as vascular mortality, when restricted to never-regular smokers. However, when the analyses were restricted to those with more severe AFO, our risk estimates were generally compatible with those other studies, which included only participants recruited directly from hospital settings with more severe COPD. 20, 28 Our study shows that with the exception of IS, the risk of major vascular diseases increased significantly among those with AFO grade 2 or higher. In a joint analysis of two prospective cohorts in the US involving 20,296 people with 12,877 COPD, 34 individuals with GOLD stages 2 and 3/4 COPD had 2.2-and 2.4-fold risk of cardiovascular disease, respectively, compared with those without COPD. For HF, there was a two-to sixfold increased risk following hospitalization for an acute exacerbation of COPD, similar to that observed in the present study. The mechanism underlying the association with HF is unclear, but one possibility could be that serious hypoxia associated with COPD causes excess strain on the right ventricle over time, leading to dilation and stretching and ultimately resulting in HF. 35 In our study, the observed association of AFO with stroke appeared to vary by stroke subtype, with significant excess risk for hemorrhagic stroke, but not IS. A large retrospective cohort study of 1.2 million individuals selected from primary care records in the UK 28 reported over threefold increased risk for stroke. Although no information was available on stroke subtypes in that study, most would probably have involved ischemic rather than hemorrhagic stroke, given 85% of all strokes in the UK are ischemic and only 15% hemorrhagic. 36 The association between AFO and vascular diseases appeared to be at least as strong in never-regular smokers as ever-regular smokers, suggesting other proinflammatory agents, such as air pollution and occupational exposures, could have played a role. 37, 38 Although proportional increases in vascular mortality and morbidity were greater in younger adults, absolute risks were higher in the elderly, due to higher absolute disease rates. Similar age-related findings have also been reported in other studies in the UK 28 and Denmark. 33 In our analyses, we also included some respiratory conditions (ie, pneumonia and lung cancer) and nonrespiratory and nonvascular diseases (eg, cancers other than lung, fracture, rheumatoid arthritis, diabetes, and chronic kidney disease) to validate indirectly our findings on vascular diseases as reported in earlier literature. Compared to those without AFO, individuals with prevalent AFO had significant excess risk of other respiratory diseases, but little excess risk of nonrespiratory conditions. The excess risk of lung cancer was not significant when restricting the analysis to never-regular 
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Excess risk of vascular diseases in those with airflow obstruction smokers, suggesting that the association may be due to confounding by smoking and that AFO is not an independent risk factor for lung cancer, particularly in those with lower AFO grades (#3). Previous studies have also reported a positive association of COPD prevalence with diabetes 28, 33 and rheumatoid arthritis. 28 Possible explanations for these associations include shared risk factors, such as sedentary lifestyles and systematic inflammation. 7 In a joint analysis of 20,296 people from two prospective cohort studies in the US, 34 individuals with COPD had up to 1.5-fold the risk of diabetes compared to those without COPD. Similarly, another meta-analysis of 16 randomized controlled trials with 17,513 COPD patients reported 27% higher risk of fractures in those with long-term use of inhaled corticosteroids, similar to that in another pooled analyses of seven observational studies of 69,000 participants. 39 In our study, detailed information on medication was not prospectively collected, so we were unable to test this hypothesis directly.
In summary, our prospective cohort study found that AFO was strongly associated with cardiovascular risk in both smoking and nonsmoking Chinese adults. Our findings suggest a shift toward holistic approaches to the diagnosis, treatment plans, and management of commonly co-occurring conditions, rather than focusing on single diseases, for optimal improvement in health outcomes. Clinical trials in COPD patients demonstrating the impact of COPD treatments on vascular disease outcomes are needed to understand further the nature of the association and inform clinical decision-making. Targeting common risk and prognostic factors for COPD and vascular diseases more aggressively (eg, smoking, environmental exposures, physical activity) is sensible to reduce and prevent premature morbidity, associated disability, and mortality.
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